Summary: An extensive collection of antisera to foot and mouth disease virus has been evaluated by ELISA to determine which would be optimal for use in diagnostic tests.
INTRODUCTION
The World Reference Laboratory (WRL) for foot and mouth disease receives vesicular virus samples from throughout the world for the diagnosis and serotype identification of foot and mouth disease virus (FMDV). These samples may contain strains of virus which are widely different antigenically. To optimise the efficiency of laboratory diagnosis, it is essential that the antisera used in diagnostic procedures be specific, of high titre and broadly reactive within that serotype in order to detect all strains of virus currently circulating in the field. Experience and investigation by complement fixation have shown that antisera against certain strains of FMDV fulfil this requirement better than others (3) . Many of these reagents had been produced from the hyperimmunisation of guinea pigs (1) . The preferred method for the production of reference antisera now involves the utilisation of inactivated and purified FMDV antigens. In addition, over the last two years an enzyme-linked immunosorbent assay (ELISA; 9) has been extensively evaluated and adopted for routine use (6) . Rabbit and guinea pig antisera to inactivated 146S antigens have consequently been produced from the current (1985) diagnostic strains and those suggested as alternatives (3) . These reagents have been assessed in the ELISA to extend previous studies for the selection of sera for diagnosis.
MATERIALS AND METHODS

Antigen production
Inactivated, purified 146S antigens were produced from current (1985) strains and from those strains of FMDV which previously have been found to produce antisera with qualities most suitable for diagnostic use (3) and whose histories are described in Table I . The methods used were similar to those described (4) except that binary ethyleneimine was used as the inactivant instead of acetylethyleneimine. Swine vesicular disease virus (SVDV) was propagated in monolayer cultures of IB-RS-2 (2) and inactivated 160S antigens were purified by the same methods as for FMDV.
Antisera
Antisera to the inactivated 146S antigens of FMDV were raised in guinea pigs and rabbits. Guinea pigs were inoculated subcutaneously with 10 µg of 146S particles mixed with an equal volume of Freund's complete adjuvant (FCA) and killed and exsanguinated after 28 days. The separated guinea pig antisera were heat-inactivated at 56°C for 30 min, pooled and Seitz filtered (5).
Rabbits were inoculated subcutaneously with two 15 µg doses of 146S particles plus FCA administered at an interval of 28 days (7) . The animals were killed and exsanguinated 10-12 days after the second inoculation; serum was separated and used untreated.
Virus strains
FMDV strains similar to those previously studied (3) and which had been stored at -70°C were employed.
ELISA procedure
An indirect sandwich ELISA (9) was employed with previously described modifications (6) . Briefly, a 1 in 5000 dilution of each rabbit antiserum was used to coat polystyrene plates (Nunc Immunoplate 1); each virus strain was allowed to react with every antiserum of the same serotype followed by the addition of a 1 in 1000 dilution of the homologous guinea pig antiserum. The degree of reaction was measured by the addition of conjugate and reading the amount of degradation of substrate spectrophotometrically.
Minimum detection of 146S antigen
Immunopiates were coated with rabbit antisera as above. Inactivated, purified 146S antigens were adjusted to a concentration of 500 ng/ml and a two-fold dilution series of antigen made across plates, from column 2 to column 11, to a final concentration of approximately 0.5 ng/ml. Column 12 of each plate did not receive antigen and served as a control for background optical density (OD). Antigens were reacted against homotypic rabbit antisera for 1 hour prior to the addition of guinea pig antiserum homologous to rabbit. The minimum amount of antigen detected by each antiserum was expressed as that concentration giving an OD value 0.1 above background.
Type specificity of reaction
The degree of heterotypic reaction of each test antisera was assessed using antigens of FMDV and SVDV from three sources: (i) a purified antigen of each of the seven serotypes of FMDV (O1 BFS 1860, A 5 Allier, C Noville, SAT 1 BOT 1/68, SAT 2 ZIM 5/81, SAT 3 BEC 1/65 and Asia 1 CAM 9/80) plus SVDV was adjusted to a starting concentration of 4 µg/ml and tested against each antiserum by double dilution across the plates as described above; (ii) epithelial suspensions (10% in phosphate buffer) and (iii) tissue culture harvests of several strains of each FMDV serotype and SVDV were also tested against the antisera in a routine typing test procedure (antigen concentrations unknown). 
FMDV strains used for the preparation of rabbit and guinea pig antisera for use in ELISA
RESULTS AND DISCUSSION
Both the importance of rapid laboratory confirmation of FMDV in field samples and the identification of the serotype of the virus strain involved have been discussed at length. Briefly, the disease is highly contagious and therefore has the potential for rapid spread, with devastating consequences for a country's internal and international trade in livestock and animal products. This is especially the case for countries which do not vaccinate. For countries which vaccinate, information on the causative serotype is important for vaccine selection. The faster this information is made available, the more rapidly vaccination and other control measures can be implemented to restrict and eradicate disease.
The optimum situation is therefore to identify viral antigen in vesicular specimens submitted from animals in the early stages of disease without having to resort to tissue culture growth, amplification of virus and the delay that this entails. The ELISA has produced marked improvements over the complement fixation test (CFT) in that currently the diagnosis by ELISA on original suspensions (OS) of epithelium from confirmed virus-positive submissions is approximately 60% (6) . This compares with a value of between 5 and 20% for the CFT. There are two main reasons why this figure is not 100%. Firstly, low level antigen in OS may result from either (a) samples taken late in the course of disease; or (b) slow despatch of material to the laboratory and/or transportation in buffer of incorrect pH, resulting in degradation of antigen. Secondly, the submitted sample may also contain moderate or low amounts of antigen of a strain distantly related to the typing antiserum, thus producing a weak antigenantibody reaction. Selection of those antisera which are most likely to react with field isolates of widely differing antigenicity is therefore critically important for routine diagnostic procedures.
The OD values which were obtained for the homologous reactions of selected antisera are shown in Tables II to IV. The higher the OD value, the stronger was the degree of reaction between antigen and antiserum. The minimum detection of 146S antigens by each antiserum is recorded in Tables V to VII. Some of the strains of virus which were used to produce antisera have been investigated and characterised but have not been designated to a specific subtype. This follows the recommendations of Pereira (8) .
The pattern of antisera reactions by ELISA in the present study was essentially similar to that found by CFT (3), with minor exceptions for the majority of the antisera. However, marked variations in reactions between ELISA and CFT were observed with some antisera produced against strains which had been previously indicated as potentially useful for diagnostic purposes when utilising hyperimmune antisera [3; antisera produced by the hyperimmunisation of guinea pigs by repeated inoculation of live guinea pig-adapted virus (1)]. The preferred method for the production of reference antisera involves using purified, inactivated 146S antigens of FMDV. With some strains this has produced sera with a narrower range of intratypic reaction. Thus, hyperimmune antiserum to O V1 which had the broadest spectrum of reaction of type O antisera by CFT, had the narrowest reactivity using anti-146S sera in ELISA. Similarly, A 18 Zulia, SAT 2 KEN 3/57 and SAT 3 ZIM 3/83 yielded anti-146S sera of especially limited intratypic reactivity, and SAT 1 SWA 40/61 and Asia 1 LEB 3/83 yielded anti-146S sera of inferior diagnostic value to other strains within their serotype.
The greatest degree of variability of reaction was again found amongst antisera of the A serotype. The results in Tables II and V The final selection of antisera for each serotype for routine diagnostic purposes is made from the spectrum of reaction against both homotypic and heterotypic antigens. The results obtained from the titrations of purified antigens of all seven serotypes of FMDV and SVDV against those antisera which had previously been shown to have the broadest degree of homotypic reactions (Tables II to VII) are depicted in Figs. 1 and 2 . Only the strongest heterotypic reactions are indicated. Antiserum reactions with SVDV were minimal, and less than the strongest FMDV heterotypic reactions depicted.
Similar patterns of reaction were produced with suspensions and tissue culture grown antigens of submitted field epithelial material. Heterotypic reactions were generally minimal and only the antisera to Asia 1 Kemron and PAK 1/54 had unacceptably high heterotypic reactions which excluded them from routine use. 
